Abstract Purpose: Intratumoral microvascular density (MVD) has been controversial as an indicator of prognosis in clear cell renal cell carcinoma (CCRCC). Classification of the intratumoral blood vessels based on differential expressions of blood vessel markers has not been correlated with patient prognosis in CCRCC. In this study, we aimed to evaluate the association of different categories of blood vessels with the patients'outcomes. Experimental Design: Seventy-eight CCRCC patients who underwent nephrectomy alone were enrolled. Paraffin-embedded CCRCC tissues, together with 16 nonmalignant kidney cortex tissues, were used in tissue microarray analyses and conventional section analyses. The characteristics of intratumoral blood vessels were identified by multiple blood vessel markers and pericyte markers. A computerized image analysis program was used to quantitatively calculate the vascular density. Results: Two distinct types of microvessels were identified in CCRCC: undifferentiated (CD31 + / CD34 À ) and differentiated (CD34 + ) vessels. A higher undifferentiated MVD significantly correlated with higher tumor grades and shorter patient survival. In contrast, a higher differentiated MVD significantly correlated with lower tumor grade and longer survival. Multivariate analyses showed that undifferentiated MVD was an independent prognostic factor for patient survival. An inverse correlation between undifferentiated MVD and differentiated MVD was also identified in CCRCC. Conclusions: This is the first report showing distinct types of vasculature in CCRCC correlated with contrasting prognoses. A refined classification of CCRCC based on vasculature is therefore important for evaluating prognosis, and it may also have therapeutic implications.
Angiogenesis, the generation of new blood vessels from preexisting microvasculature, is an essential process for tumor growth and is related to blood-borne metastasis (1) . The quantification of various aspects of tumor vasculature might provide an indication of angiogenic activity. Microvascular density (MVD) is an often-quantified variable of tumor vasculature. Recent reports suggest that increased MVD is associated with poor outcome in several malignancies, including breast, prostate, lung, and nasopharyngeal cancers (2 -7) .
Clear cell renal cell carcinoma (CCRCC) is the most common subtype of malignant renal tumors, representing f80% of renal cell carcinoma. Despite improvements in medical imaging for early diagnosis, >40% of the patients with clear cell metastatic cancers remain incurable (8) . The underlying mechanism of CCRCC metastasis is unclear.
The value of MVD as a predictor of prognosis in CCRCC is controversial. Several reports have shown a positive correlation between MVD and survival or prognosis [e.g., a higher blood vessel density in CCRCC indicates a better prognosis or longer patient survival (9 -13) ]. However, some researchers have reported an inverse relationship (14 -16) , and others were unable to find a significant correlation between MVD and survival (17, 18) .
The blood vessel markers used to identify tumor blood vessels are heterogeneous and are known to reveal different aspects and characteristics of tumor vasculature. For example, CD34 is expressed in differentiated endothelial cells, whereas CD31 is expressed in both differentiated and undifferentiated endothelia (19) . Recently, CD105 was reported to be superior to CD34 and CD31 in evaluating tumor angiogenesis because of greater affinity for activated endothelial cells (6, 20) .
Moreover, some immunohistochemical studies have shown that increased MVD as determined by CD105 staining is an independent prognostic indicator of shorter survival in breast cancer and colorectal cancer (21, 22) .
To date, the studies of blood vessel differentiation have not been correlated with prognosis of cancer, especially for CCRCC. The recruitment of pericytes is a crucial process in the formation and stabilization of mature blood vessels (23 -25) . We hypothesized that CCRCC has different characteristics in terms of vascular differentiation and maturation that correlate with different patient outcomes. In the present study, we characterized angiogenesis in CCRCC by quantitatively evaluating tumor vasculature in 78 patients that had sufficient follow-up information. Through immunohistochemical staining of CD31, CD34, CD105, and several pericyte markers on tissue microarrays (TMA) and conventional tissue sections, we were able to analyze the tumor vasculature in CCRCC and its relationship to patient survival.
Materials and Methods
Human tissue specimens and patient information. Paraffin-embedded, formalin-fixed specimens were collected from 78 patients with histopathologically verified CCRCC (26) who underwent nephrectomy between 1983 and 2004 at Tianjin Cancer Institute and Hospital (Tianjin, China). All patients were treated with surgery alone; 53 patients relapsed after surgery and 25 were disease-free at the end of the follow-up. All patients had a performance status (Eastern Cooperative Oncology Group) of 0 before surgery. The median follow-up period for the 49 patients who died of a CCRCC-related cause was 37 months, and for the 29 survivors it was 111.5 months (range, 34-140 months). Survival times were calculated from the date of surgery. The clinical staging for each patient at the time of surgery was corrected by using the 1997 International Union Against Cancer tumor-node-metastasis classification of malignant tumors (27) . All tissue samples were reevaluated by a pathologist (X.J.Y.) using the Fuhrman grading system (28) . A set of 16 nonmalignant kidney cortex tissue samples was obtained from the Shared Pathology Informatics Network at the Van Andel Research Institute (Grand Rapids, MI; ref. 29) . The University of California at Los Angeles Integrated Staging System has been reported to be a useful system for predicting outcome (30, 31) . Among the patients with CCRCC in the present study, 74 patients without metastasis at diagnosis were divided into low-risk (n = 15), intermediate-risk (n = 49), and high-risk (n = 10) groups. The four cases with lymph node metastases at diagnosis, which were removed in the surgery, were combined into the high-risk group in the later survival analyses.
TMAs and tissue sections. TMAs were constructed as described previously (32) using Beecher instruments (Beecher Instruments, Silver Spring, MD). Three 1.0-mm cores were punched from each of the 78 cases and assembled in three TMA blocks. The three cored areas on each donor block were randomly selected from three different parts of the tumor tissue avoiding necrosis (based on a histologic characterization of the H&E-stained slide) and were entirely tumor cells. All of the 78 primary CCRCCs and 16 nonmalignant kidney tissues were included in the TMA blocks. After the development of the TMA blocks, the remaining tissues in the donor blocks were sufficient for conventional sectioning in 76 cases. Consecutive 4-Am-thick sections were cut from each of the TMA blocks, the 76 remaining CCRCC blocks, and the 16 nonmalignant kidney tissue blocks for routine H&E staining and immunohistochemical evaluation.
Immunohistochemistry and quantification of stained vessels. Immunohistochemical analyses of CD31, CD34, and CD105 were carried out using a sensitive streptavidin-biotinylated horseradish peroxidase complex system (Catalyzed Signal Amplification System, DAKO, Carpinteria, CA) according to the manufacturer's instructions. Briefly, after deparaffinization, slides were steam pretreated in a citrate buffer at pH 6.0 for 30 min. The endogenous peroxidase activity and endogenous biotin were blocked with 3% hydrogen peroxide and protein block buffer, respectively. The conventional tissue sections or the TMA sections were then incubated at room temperature for 30 min with one of the primary antibodies: mouse anti-human CD31 monoclonal antibody (mAb; working dilution 1:40, JC70A, DAKO), mouse anti-human CD34 mAb (1:50, QBEnd10, DAKO), or mouse anti-human CD105 mAb (1:100, clone SN6h, DAKO). Normal mouse IgG1 was used as a substitute for the primary antibody in the negative controls. After washes using TBS with 0.1% Tween 20, the sections were incubated at room temperature with biotinylated rabbit anti-mouse secondary antibody for 15 min followed by TBS washes. The sections were then incubated with streptavidin-biotin complex for 15 min. For the staining of smooth muscle actin (SMA), a slightly different immunohistochemical procedure was used than described previously (33) . Briefly, after antigen retrieval, the sections were incubated with rabbit anti-human SMA (1:100, RB-9010-P0, Lab Vision, Fremont, CA) at 4jC overnight. Then, the sections were incubated at room temperature with the secondary antibody (biotinylated anti-mouse IgG raised in a horse) at 1:200 (Vector, Burlingame, CA) for 30 min. Staining was carried out using 3,3 ¶-diaminobenzidine and hydrogen peroxide. All sections were counterstained with hematoxylin.
Intratumoral MVD was assessed according to the criteria described previously, with some modifications (34, 35) . Briefly, the three most vascularized areas (hotspots) within each TMA core were selected for quantification of blood vessels at a magnification of Â400 with a Nikon (Melville, NY) microscope. Therefore, a total of nine hotspots was evaluated from the three TMA cores for each patient. For the conventional CCRCC tissue sections, five hotspots were selected at a magnification of Â200 for each patient. The five selected hotspots were randomly distributed in the center of tumor nests or in the peripheral areas of tumor nests. For evaluating the discrepant expression of CD31 and CD34 in two consecutive conventional tissue sections, the hotspots were defined by the most vascularized area in CD31 staining slides. Any brown-staining endothelial cell or endothelial cell cluster that clearly separated from adjacent microvessels, tumor cells, and connective elements was considered as a single, countable microvessel regardless of whether a vessel lumen was seen. Image analysis for vessel counting was done using interactive software developed by our laboratory. The software allows the application of standardized computational algorithms as well as review and refinement of the results of those algorithms by human operators. The mean value of the vessel counts in the selected spots was retained as the final MVD value. The count of undifferentiated microvessels in each case was obtained by subtracting the CD34 + vessel count from the CD31 + vessel count. Immunofluorescent staining. Conventional tissue sections of CCRCC and normal kidney tissues were steam pretreated in a citrate buffer at pH 6.0 for 30 min after deparaffinization. Nonspecific antibody-binding sites in the tissue sections were blocked by incubation in 5% donkey serum (30 min at room temperature). Next, the sections were incubated overnight at 4jC in various combinations of two antibodies staining different pericyte markers and/or endothelial cell markers. The mouse anti-human CD31 mAb (working dilution 1:20) and mouse anti-human CD34 mAb (1:25) were the same as in immunohistochemical staining. To stain the pericyte markers, several antibodies were used, including rabbit anti-human SMA antibody (1:50), mouse anti-human SMA mAb (ready to use, clone CGA7, Chemicon, Temecula, CA), rabbit anti-human desmin antibody 4 ¶,6-Diamidino-2-phenylindole was then applied to stain the nuclei. Confocal fluorescent microscopy was done to evaluate the slides.
Statistical methods. We used the median as the cutoff value for vessel counts of TMA tissues. The Cox proportional hazard regression models were fitted for both univariate and multivariate analyses. The censoring time distribution was estimated by Kaplan-Meier method. Pearson's product-moment correlations were calculated and then tested for significance between the TMA CD34 + vessel and TMA CD105 + vessel MVDs and between the differentiated blood vessel and undifferentiated blood vessel MVDs. Spearman rank correlation coefficients were calculated and then tested between Fuhrman grading and MVD as well as between University of California at Los Angeles Integrated Staging System stage and MVD.
Results
Two distinct types of microvessels can be identified in CCRCC. Of all the blood vessels in CCRCC revealed by anti-CD31 antibody staining, most could also be stained by anti-CD34 antibody ( Fig. 1A and B) ; however, certain blood vessels were stained only by anti-CD31 antibody but not by anti-CD34 antibody (Fig. 1B, arrows) . It has been reported that CD34 is only expressed in differentiated endothelial cells, whereas CD31 is expressed in both differentiated and undifferentiated endothelial cells (19) . We further evaluated the pericyte coverage of the blood vessels by staining for the pericyte marker SMA (36) . The results showed that the CD34 + vessels could be surrounded by pericytes, whereas CD31 + / CD34 À microvessels had no surrounding pericytes (Fig. 1C) .
Therefore, there were two types of blood vessels in CCRCC: CD34 + and CD31 + /CD34 À vessels. The morphologic characteristics of CD31 + /CD34 À blood vessels in our observation included no or small lumen, thicker vessel wall, and smaller size when compared with the CD34 + vessels. Based on these observations, we defined CD34 + vessels as differentiated vessels and CD31
+ /CD34
À vessels as undifferentiated counterpart.
The association of pericytes to endothelial cells varied in human CCRCC. For the undifferentiated vessels, no pericyte coverage was found. For those differentiated vessels, a close association of pericytes and CD34 + endothelial cells was usually found in the peripheral area of tumor mass (Fig. 1D) . However, loose association, partial absence, or even complete absence of pericytes was also found for other CD34 + differentiated vessels (Fig. 1E) . Therefore, in terms of blood vessel maturation defined by pericyte coverage, the undifferentiated vessels were more immature than the differentiated vessels in CCRCC. Although both SMA and desmin were reported to be effective tumor pericyte markers in animal models (37), we found that desmin was not expressed in most of the tumor pericytes in human CCRCC (Fig. 1F) .
TMA analyses and patient prognoses. We prepared CCRCC TMAs from all 78 cases. From these, we determined the correlation(s) between the expression of different blood vessel markers as well as between the MVD and patient survival. The immunoactivity of CD31 covered the largest number of intratumor vessels, including undifferentiated vessels, which were characterized as small, scattered, and having no lumen, together with differentiated vessels that were stained similarly by CD34 and CD105 (Fig. 2) . The patient follow-up curve is shown in Fig. 3A . A significant correlation between T staging or Fuhrman grading and survival time was found ( Fig. 3B and C) . The clinicopathologic characteristics of the patients grouped by high and low MVD (based on TMA results) are shown in Table 1. The MVDs of CD31   +   , CD34 + , and CD105 + vessels were separately evaluated from their respective hotspots. The MVD of undifferentiated blood vessels was derived by subtracting the CD34 + vessel MVD from the CD31 + vessel MVD. The median was used as the cutoff point to divide the patients into high-and low-MVD groups.
Univariate survival analyses (Table 2) showed that the MVD of CD34 + vessels from TMA analyses had a hazard ratio (HR) of 0.673 for every 10 adding vessels within a tissue area of 0.065 mm 2 (Â400 magnification), meaning that higher MVD indicated longer survival. Similar results were also found in the analysis of the CD105 + vessels (HR, 0.809). In contrast, the MVD of undifferentiated vessels had a HR of 1.68, meaning that higher MVD indicated shorter survival. As shown in Fig. 2, CD105 was not specifically expressed in the endothelial cells of normal kidney tissue. In tumor vasculature, CD105 was only expressed in the CD34 + (differentiated) blood vessels. A high correlation coefficient of 0.89 was found between CD34 + MVD and CD105 + MVD (Fig. 3D ), implying that these two markers identified almost the same quantity of differentiated tumor blood vessels and no additional information could be provided by CD105 immunoactivity. Therefore, we only used CD34 staining to evaluate differentiated blood vessels in further studies.
Comparisons of the MVDs determined by TMA and conventional sectioning approaches. The interesting results from our TMA analyses encouraged us to confirm the correlation between tumor MVD and tumor grade in CCRCC using conventional tissue sections. The TMAs and the conventional sectioning approaches showed significant linear correlation in identifying the MVDs of CD34 + and CD31 + vessels ( Fig. 3E  and F) , implying the effectiveness of TMA analyses for preliminary study in MVD evaluation.
The correlation between MVD and tumor grade in CCRCC. Fuhrman grading has been proven to be a strong prognostic indicator for RCC (18, 28) , with the higher grades associated with poorer prognosis, which is consistent with our data (Fig. 3C) . We found that the density of undifferentiated blood vessels determined in conventional sections was positively associated with tumor grade (Fig. 3G) , with significantly more undifferentiated blood vessels in higher-grade tumors than in lower-grade tumors. However, the number of differentiated blood vessels was negatively correlated with tumor grade; there were significantly fewer differentiated blood vessels in high-grade tumors. In terms of total blood vessel density stained by anti-CD31 antibody, a negative correlation was also found with the tumor grade, meaning that the total vessel MVD decreased as the grade increased. The histologic appearance of the vasculature in low-and high-grade tumors is shown in Fig. 2 . The correlation between the densities of undifferentiated or differentiated blood vessels and University of California at Los Angeles Integrated Staging System was also significant (Fig. 3H) .
The correlation between MVD and patient survival in CCRCC. Univariate Cox proportional hazard analysis was done to evaluate the relation between every 10-vessel increment in conventional sections and overall survival. The assumption of proportionality of hazards was tested using the method outlined by Grambsch and Therneau (38) , which showed no significant correlation between the Schoenfeld residuals and transformed survival time (Supplementary Fig. S1 ). The HRs of both undifferentiated vessels and differentiated CD34 + vessels in conventional sections derived from an area of 0.26 mm 2 (Â200 magnification) were consistent with those from TMA ( Table 2 ). These results implied that higher undifferentiated vessel MVD indicates poorer prognosis, whereas higher differentiated vessel MVD indicated better prognosis. In terms of total vessels stained with CD31, the HR of 0.926 was also found to be significant in conventional section analyses.
For multivariate analyses, we started from Cox proportional hazard models with covariates of age, gender, T stage, and tumor grade with either undifferentiated or differentiated MVD, or their interaction term, or any combinations of them, except undifferentiated MVD and differentiated MVD should not be in the same model because of their obvious correlationship. The variables of age and gender were eliminated because they were not significant, leaving the three models listed in Table 3 . These results showed that, besides tumor grade and T stage, undifferentiated MVD was also an independent prognostic factor of CCRCC in multivariate analyses (model II). However, Fig. 2 . Serial sections of a normal kidney tissue, a low-grade CCRCC, and a high-grade CCRCC stained by different endothelial markers. The staining for CD105 was not specific in normal renal vasculature, although it was as good as CD34 in identifying differentiated tumor blood vessels. The undifferentiated blood vessels in high-grade CCRCC, which were a portion of the CD31 + vessels, were not stained by anti-CD34 or anti-CD105 antibodies. Fig. 3 . A, Kaplan-Meier estimate of the censoring time distribution. Except for one patient with postoperational metastases to the lymph node and the lung who was lost 34 mos after nephrectomy, the follow-up duration of the censored cases was longer than 7 yrs. B, Kaplan-Meier overall survival curves in terms of Tstages. C, Kaplan-Meier overall survival curves in terms of pathologic grades (Fuhrman grading system). D, scatter plots of MVD identified by CD34 staining versus CD105 staining in their respective hotspots on theTMA slides. A total of 77 CCRCC cases qualified for the comparisons. E and F, scatter plots of MVD identified by CD34 (E) or CD31 (F) staining inTMA slides versus conventional slides. Analyses of correlation efficiency (COR) revealed significant consistency in both markers. G and H, rank correlation analyses were used to test the relationship between different types of MVD and pathologic grades (G) or University of California at Los Angeles Integrated Staging System (UISS) groups (H) in 76 cases of CCRCC.
the differentiated MVD was not an independent prognostic factor any more as long as the more important prognostic factors (i.e., tumor grade and T stage) presented (model I).
Inverse correlation between differentiated MVD and undifferentiated MVD. The relationship between undifferentiated vessels and differentiated vessels was also of interest. We found an inverse correlation between undifferentiated MVD and differentiated MVD (Fig. 4A) . A correlation coefficient of À0.54 was calculated, with a P value of <0.0001, meaning more undifferentiated blood vessels in the tumor were usually accompanied by fewer differentiated blood vessels, and conversely, fewer undifferentiated blood vessels in the tumor were usually accompanied by more differentiated blood vessels.
To clarify the contrasting prognostic implications of differentiated and undifferentiated MVD, the patients were regrouped by the recombination of high or low undifferentiated MVD plus high or low differentiated MVD (Fig. 4B) . The survival time of the patients with low undifferentiated plus high differentiated MVD was significantly longer than that of patients with high undifferentiated plus low differentiated MVD (P = 0.0029). Interestingly, the patients with higher differentiated plus high undifferentiated MVD seemed to have better prognosis than those with low differentiated plus low undifferentiated MVD, but this tendency was not statistically significant (P = 0.18).
The variable of interaction between undifferentiated and differentiated MVD was derived by multiplying undifferentiated MVD by differentiated MVD. When multivariate Cox proportional survival analysis was used to evaluate the prognosis prediction of the interaction, a significant association with survival was also found (model III; Table 3 ), implying that the interaction between undifferentiated and differentiated MVD was also an independent prognostic factor in CCRCC. The variable of interaction could not be involved in a multivariate model together with undifferentiated MVD because it had a significantly positive correlation with undifferentiated MVD (Supplementary Fig. S2 ).
Discussion
The stability and the repeatability of immunohistochemical staining are critical in the evaluation of MVD when using different antibodies. For example, the affinity of most of the anti-CD31 mAbs is less than that of most anti-CD34 mAbs, and sometimes, this could result in insufficient labeling of the tumor vasculature (39) . The result of this situation would be an underestimation of MVD as determined by CD31 staining (2). In our study, the immunohistochemical staining quality was highly controlled; therefore, a critical difference between CD31 and CD34 staining in CCRCC was discovered. We found two distinct types of blood vessels [i.e., undifferentiated (CD31 + /CD34 À ) and differentiated (CD34 (y)  <50  8  12  8  12  7  12  7  13  50-60  14  12  16  10  17  9  16  10  >60  17  15  15  17  15  17  16  16  Gender  Female  13  11  13  11  14  9  10 Fig. 4A . The mild discrepancy of MVD counted by CD34 staining versus CD31 staining could result from the systemic error of continuous sectioning of the tissues for the two separately staining procedures. For example, on very rare occasions, one particular vessel in a tissue section could disappear or become two separate vessels in the next section.
Our results are consistent with the finding of Eberhard et al. (23) that there is a significant proportion of blood vessels in RCC without pericyte coverage. By analyzing pericyte recruitment to tumor microvasculature, they found that the microvessel pericyte coverage index in RCC was only 17.9 F 7.8% versus 65.4 F 10.5% in colon carcinoma, 67.3 F 14.2% in mammary carcinoma, 40.8 F 14.5% in lung carcinoma, and 29.6 F 9.5% in prostate carcinoma. Only glioblastoma has a lower percentage of pericyte coverage index than RCC. Their study implies that, compared with most of the common cancers, CCRCC possesses unique vasculature characteristics with a significantly higher proportion of immature microvessels. Because the kidney is essentially a blood purification system, it is not unexpected that the vasculature will be unique and significant in the characterization and analysis of CCRCC.
It has been reported that pericyte coverage is a correct functional reflection of microvessel maturation despite the fact that it is not the only indicator for maturation (23) . Several molecular markers, such as SMA, desmin, platelet-derived growth factor receptor-h, and NG2, have been used to identify pericytes. We compared the immunoactivity of NG2, desmin, and SMA in pericytes within CCRCC tissues. We found that there were overwhelmingly more SMA-positive pericytes than desminpositive or NG2-positive pericytes, implying that desmin and NG2 were not effective pericyte markers in CCRCC. In our observation, the coverage of pericytes on CD34 + vessels varied in CCRCC, consistent with the finding from animal models showing multiple structural abnormalities in tumor pericytes (37) . The significance of the association between pericytes and endothelial cells in terms of patient prognosis is unclear.
In this study, we were able for the first time to quantitatively evaluate the MVD of undifferentiated microvessels in CCRCC. We found that an increased undifferentiated vessel MVD significantly correlated with higher pathologic grades and shorter patient survival. Moreover, it was an independent prognostic factor of survival in multivariate analyses. In contrast, a higher differentiated vessel MVD significantly correlated with lower pathologic grades and longer survival. The MVD of undifferentiated vessels itself was negatively correlated with the MVD of differentiated vessels.
When undifferentiated MVD and differentiated MVD were considered together, we found that the patients with low counts of undifferentiated vessels plus high counts of differentiated vessels had significantly better prognosis than the patients with high counts of undifferentiated plus low counts of differentiated, further indicating the contrasting prognostic implications of these two types of blood vessels. Because the interaction of these two types of blood vessel had a linear correlation with undifferentiated MVD, it was not surprising that the interaction was significantly correlated with poorer prognosis. Interestingly, when the whole vasculature was considered by staining with the broad-spectrum vasculature marker CD31, a higher MVD significantly correlated with lower pathologic grades and longer patient survival. Our results support the observation that the number of differentiated microvessels in CCRCC is a significant prognostic factor. The critical effect of undifferentiated vessels might not be noticed when the analysis was focused on the general profile of tumor vasculature in CCRCC. It is believed that rapid tumor growth does not imply high vascular density, and the MVD of a tumor need not be higher, and is often lower, than that of its corresponding normal tissue (40) . RCC is just one of the malignancies with a lower MVD in tumor tissue than in normal tissue (23) .
We believe that simultaneous comparison of the immunoactivities of CD31 and CD34 in the CCRCC vasculature can not only display the whole profile of tumor vasculature but also reveal a unique vascular category of CD31 + /CD34 À vessels that is significantly correlated with patient prognosis. The therapeutic implication of this unique vascular category in CCRCC is unclear, although immature vasculature is believed to be more vulnerable for therapeutic targeting (41) . Antiangiogenic therapies are thought to induce the pruning of immature and inefficient vessels and to promote the maturation of the remaining vessels (42) . In recent clinical trials, a mild benefit in survival of kidney cancer patients has been achieved by administration of Raf kinase inhibitor sorafenib, which inhibits both tumor cell proliferation and tumor angiogenesis (43, 44) .
Another multitargeted tyrosine kinase inhibitor, sunitinib, which specifically inhibits vascular endothelial growth factor receptor and platelet-derived growth factor receptor as well as other tyrosine protein kinases, is also effective in improving the survival of patients with metastatic CCRCC (45, 46) . Evaluation of the MVD of CD31 + /CD34 À vessels may help to identify the tumors susceptible for antiangiogenic targeted therapy. Better understanding of the detailed mechanism of angiogenesis in CCRCC will undoubtedly facilitate the development of more effective antiangiogenic therapy for this deadly disease.
In conclusion, we quantitatively evaluated two distinct types of microvessels in CCRCC, analysis of which resulting in contrasting prognostic implications. A higher density of undifferentiated microvessels was an independent prognostic factor of shorter survival. In contrast, a higher differentiated microvessel density was significantly correlated with longer survival. Our finding suggests that the tumor vasculature in CCRCC is heterogeneous, and a refined classification of tumor vasculature in CCRCC is necessary for further exploration of the role of angiogenesis in this particular tumor. Our study also has therapeutic implications: the undifferentiated blood vessels are potentially therapeutic targets and therefore it is imperative to study if current or future antiangiogenic drugs act on differentiated or undifferentiated blood vessels or on both.
